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JURXQGHQJDJLQJ WRROVVXFKDV WKRVHXVHG LQPLQLQJFRQVWUXFWLRQDQGDJULFXOWXUHRUZKHQ WKHFRVWRIHTXLSPHQW
GRZQWLPHUHTXLUHVPRUHIUHTXHQWSDUWVUHSODFHPHQWWKHQWKHH[SHQVHRIXVLQJKDUGIDFLQJWHFKQLTXHFDQEHMXVWLILHG
DQG DW WKH VDPH WLPH WKH WHFKQLTXH EHFRPHV OHVV H[SHQVLYH WKDQ GHVLJQLQJ WKH HQWLUH FRPSRQHQW XVLQJ LPSURYHG
VWUDWHJLF PDWHULDOV &RUH FRPSRQHQWV VXFK DV FUXVKHUV DUH H[SRVHG WR KHDY\ ZHDU DQG UHTXLUH HIILFLHQW VXUIDFH
SURWHFWLRQ PHDVXUHV WR DYRLG FRVWO\ GRZQWLPHV DQG WR UHGXFH FRVWV IRU H[SHQVLYH VSDUH SDUWV DV UHSRUWHG E\
.LUFKJDQHU HWDO
,Q WKLVSUHVHQW LQYHVWLJDWLRQ00$:SURFHVV LV VHOHFWHGDV WKHFRPSRQHQW VL]H LVFRPSDUDWLYHO\ VPDOO DQG WKH
SURFHVV LV DQ DOOSRVLWLRQ SURFHVV KLJKO\ YHUVDWLOH DQG PRVW HFRQRPLFDO 7KH SXUSRVH RI WKLV FDVH VWXG\ ZDV WR
DVFHUWDLQ WKH ZHDU FKDUDFWHULVWLFV DQG ZHDU UHVLVWDQFH RI H[FDYDWRU EXFNHW WHHWK WKDW ZHUH RYHUOD\HG ZLWK IRXU
GLIIHUHQW FRPPHUFLDO KDUGIDFLQJ DOOR\V E\ PDQXDO PHWDO DUF ZHOGLQJ 00$: DQG FRPSDULQJ WKHVH ZLWK WKH
VWDQGDUG KHDW WUHDWHG H[FDYDWRU EXFNHW WHHWK XQGHU ODERUDWRU\ DQG ILHOG FRQGLWLRQV RI RSHUDWLRQ 7KH ZHDU UDWHV
REWDLQHGIURPODERUDWRU\DQGWKHILHOGWHVWFDQWKHQEHXVHGWRSUHGLFWVHUYLFHOLYHVRIWKHH[FDYDWRUEXFNHWWHHWK$
WKRURXJKVXUYH\RISHUWLQHQWOLWHUDWXUHUHYHDOVWKDWXQWLOQRZQRDWWHPSWKDVEHHQPDGHWRHQKDQFHWKHVHUYLFHOLIHRI
H[FDYDWRUEXFNHW WHHWK
 ([SHULPHQWDO3URFHGXUH
 0DWHULDOVDQG:HOG0HWDO2YHUOD\V
([FDYDWRUWHHWKXVHGLQWKHH[SHULPHQWZHUHPDGHIURPKLJKWHQVLOHVWHHO(Q%ZLWKDFRPSRVLWLRQJLYHQLQ
7DEOH(Q%FDQEHKDUGHQHGDQGWHPSHUHGWRRIIHUVJRRGFRPELQDWLRQRIGXFWLOLW\DQGKDUGQHVVFRPELQHGZLWK
H[FHOOHQWUHVLVWDQFHWRVKRFN,QWKHSUHVHQWDSSOLFDWLRQRIH[FDYDWRUWHHWKWKHUHLVDJUHDWQHHGIRUWKHFRPELQDWLRQ
RIGXFWLOLW\DQGKDUGQHVVZLWKFDUERQPD[LPXPXS WR2Q WKHRWKHUKDQG WRROVWHHOVDOVRRIIHUVJRRG ZHDU
UHVLVWDQFH EXW WKHUH DUH KRZHYHU FRQIOLFWLQJ FRQVHTXHQFHV DV KLJK KDUGQHVV LQ WRRO VWHHOV PDNHV WKH PDWHULDO
VHQVLWLYHWRQRWFKHV7KLVPD\OHDGWRODUJHFDUELGHVDFWLQJDVFUDFNLQLWLDWRUVLQDIDWLJXHSURFHVV)DWLJXHFUDFNLQJ
RFFXUV ZKHQ WKH PDWHULDO LV H[SRVHG WR DOWHUQDWLQJSXOVDWLQJ ORDGV $OVR VKDUS FRUQHUV RU VKDUS HGJHV LQ
FRPELQDWLRQZLWKKLJKKDUGQHVVPD\DOVRDFWDVVLWHVIRUFUDFNLQLWLDWLRQDWIDWLJXHORDGLQJ DVVWDWHGE\.DQJHWDO
)RUWKHVHUHDVRQVWKHKLJKWHQVLOHVWHHOZLWKSURSHUKHDWWUHDWPHQWLVPRUHDSSURSULDWHIRUH[FDYDWRUEXFNHW
WHHWK 7KH WHHWK ZHUH RLO TXHQFKHG IURP D WHPSHUDWXUH RI & DQG WHPSHUHG DW & WR REWDLQ D
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
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SLQVOLGHVDJDLQVWDGLVFPDGHRIKDUGHQVWHHOWR+5&DVVKRZQLQ)LJE%HIRUHDQGDIWHUWKHWHVWDOOWKH
VSHFLPHQV WDNHQ IRU DQDO\VLV ZHUH FOHDQHG DQG WKHQZHLJKHG XVLQJ DQ HOHFWURQLF EDODQFHZLWK DQ DFFXUDF\ RI 
JPVHH)LJD7KHZHDUWHVWVZHUHFDUULHGRXWDWWKHOLQHDUYHORFLW\RIPVZLWKDSSOLHGORDGVRI1
1DQG1IRU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7HHWK 3UHSDUDWLRQDQG0RXQWLQJ
$V DOUHDG\ GLVFXVVHG WR PLQLPL]H WKH GLOXWLRQ UDWH LQVWHDG RI VLQJOH SDVV ZHOGLQJ WKUHH OD\HUHG PXOWLSDVV
ZHOGLQJZDVFDUULHGRXWRQH[FDYDWRUEXFNHWWHHWK7KHKDUGIDFLQJRIWKH WHHWKZDVFDUULHGRXWE\WKHVDPHRSHUDWRU
WRPLQLPL]HDVPXFKDVSRVVLEOH WKH LPSHUIHFWLRQVGXULQJ WKHKDUGIDFLQJGHSRVLWLRQ7KH LQWHQVLW\ IXPHV VSDUNV
DQGRWKHUSDUDPHWHUVRIZHOGLQJSURFHVV ZHUHFRPSOHWHO\FRQWUROOHG)RUWKHILHOGH[SHULPHQWRQHXQKDUGIDFHGDQG
IRXUKDUGIDFHGH[FDYDWRUEXFNHWWHHWKZHUHILWWHGDWGLIIHUHQWSRVLWLRQVRQWKHH[FDYDWRUEXFNHWWRJHWWKHPHDQLQJIXO
GDWD$OOWKHWHHWKZHUHFRGHGDSSURSULDWHO\LQFRQQHFWLRQZLWKWKHLUSRVLWLRQIRUWKHLUODWHUVWXG\)LJ  VKRZVWKH
SRVLWLRQLQJRIVRPH KDUGIDFHGWHHWKRQWKHH[FDYDWRUEXFNHW
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)LJ  ([FDYDWRUEXFNHWZRUNLQJGXULQJILHOGWHVW
7KHH[FDYDWRUEXFNHWZDV GULYHQE\-&%SRZHUHGE\/+3F\OLQGHUZDWHUFRROHGGLHVHOHQJLQH
7KHZHDURIWKHWHHWKZDVDVVHVVHGDIWHUHDFKH[SHULPHQWDOSHULRGKUE\ZHLJKLQJHDFKWRRWKWRGHWHUPLQHWKH
ZHLJKWORVV7KHZHLJKWORVVHVZHUHWKHQXVHGDVDQLQGLFDWRURIWKHDPRXQWRIZHDU:HDUUDWHZDVGHILQHGDVWKH
ZHLJKW ORVVGLYLGHGE\ WKHGXUDWLRQRI WKHILHOG WHVW WKHXQLW LVJUDPSHUKRXUJPKU7KHZHDU UHVLVWDQFH LQGH[
:5,ZDVFDOFXODWHGDVWKHZHDUUDWHRIXQKDUGIDFHGWRRWKGLYLGHGE\WKDWRI WKH KDUGIDFHGRQH7KHKLJKHUWKH
:5,WKHKDUGIDFLQJLVPRUHSURWHFWLYH
5HVXOWVDQG'LVFXVVLRQV
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 /DERUDWRU\WHVWDQDO\VLV
)LJ :HDU7HVW$QDO\VLVDJH:HDUORVVDW'LIIHUHQWORDGVD1E1F1
)LJ DFVKRZVWKHH[SHULPHQWDOUHVXOWVRIZHDUWHVWVFRQGXFWHGRQDOOWKHVSHFLPHQV7KHJUDSKVZHUHSORWWHG
E\WDNLQJWKHSHUFHQWDJHRIFKURPLXPFRQWHQWVRIWKHHOHFWURGHVFKRVHQDQGWKHSHUFHQWDJHRIZHDUORVV7KHUHVXOWV
VKRZWKDWWKHZHDULVPLQLPXPLQ VSHFLPHQVKDUGIDFHGZLWKHOHFWURGHVKDYLQJ&UIROORZHGE\&U
&U&UDQG&UXQKDUGIDFHGVSHFLPHQDWGLIIHUHQWQRUPDOORDGVDSSOLHGWRWKHVSHFLPHQV7KHWUHQGRI
ZHDUORVVVKRZHGWKDWDVWKHSHUFHQWDJHRI&ULQFUHDVHGWKHZHDUUHVLVWDQFHLQWKHZHOGRYHUOD\VKDVLQFUHDVHG7KLV
LQFUHDVHLQZHDUUHVLVWDQFHKDVEHHQDWWULEXWHGWRWKH VXUIDFHDOOR\LQJRIFKURPLXPZKLFKLVLQDFFRUGDQFHZLWKWKH
LQYHVWLJDWLRQRI$PLUVDGHJKL	6RKL
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)LJ 9DULDWLRQRIFXPXODWLYHZHLJKWORVVZLWKWKH GU\ VOLGLQJ ZHDU GLVWDQFHDW D1E1F1
7KHFXPXODWHGZHLJKWORVVHVRIWKHZHDUWHVWDWYDULRXV LQWHUYDOVZHUHSORWWHGDJDLQVWWKHVOLGLQJGLVWDQFHRI WKH
VSHFLPHQDVVKRZQLQ)LJ DF,WVKRZVWKHYDULDWLRQRIWKHFXPXODWHGZHLJKWORVVZLWKWKHDSSOLHGQRUPDOORDG
IRUKDUGIDFHG DQG XQKDUGIDFHG VDPSOHV7KHZHDU ORVV IRU DOO WKH VDPSOHV LQFUHDVHV OLQHDUO\ZLWK DQ LQFUHDVH LQ
QRUPDOORDGDQGVOLGLQJGLVWDQFH+RZHYHUWKH+&UDOOR\H[KLELWHGPLQLPXPZHLJKWORVVDWDOOORDGVDQGVOLGLQJ
GLVWDQFHVDQGWKLVGHFUHDVHLQZHLJKWORVVLVGXHWRWKHKLJKORDGEHDULQJFDSDFLW\RIWKHDOOR\DQGIRUPDWLRQRIWKH
KDUGFKURPLXPFDUELGHVLPLODUUHVXOWVZHUHUHSRUWHGE\6HOYLHWDO
 )LHOG 7ULDO2EVHUYDWLRQV
7KHKDUGIDFHGWHHWKZHUHILWWHGRQWRWKHH[FDYDWRUEXFNHWLQSODFHRIWKHVWDQGDUGKHDWWUHDWHGH[FDYDWRUEXFNHW
WHHWK8QKDUGIDFHGWHHWKDQGWKHILHOGH[SHULPHQWZDVFDUULHGRXW$IWHUWKHWHVWWKHWHHWKUHYHDOHGYDULRXV DPRXQW
RIZHDUDV VKRZQ LQ)LJ7KH ODUJHDPRXQWRIPHWDO WKURXJKZHDUZDV UHPRYHG IURP WKH OHDGLQJHGJHRIXQ
KDUGIDFHGWRRWKDVDVVHVVHGDIWHUWKHILHOGWHVWDVVKRZQLQ)LJH7KHZHDUGDPDJHDSSHDUVWREHVWDUWLQJIURP
WKHHQGRIWKHOHDGLQJHGJHDQGPRYLQJLQZDUGVWRZDUGVWKHEDVHRIWKHWRRWKZKHUHYHU\OLWWOHRUQRZHDUFDQEH
REVHUYHG(YHQ WKRXJK WKH ILHOG WHVWZDV FRQGXFWHG IRU D VKRUW WLPH  KU LQ WKH DUHD WKH DPRXQW RIZHDU LV
UHODWLYHO\VHYHUH7KLVLVEHFDXVHRIWKHKLJKDEUDVLYHQHVVDQGKDUGQHVVRIWKHVRLOZKLFKFDQJUHDWO\DFFHOHUDWHWKH
ZHDUSURFHVV
$VREVHUYHGIURPWKHILHOGWHVWWKHWRRWKKDUGIDFHGZLWK+&UVKRZDOPRVWQHJOLJLEOHZHDUGDPDJH7KLVLVGXH
WR WKH KLJK DEUDVLYH ZHDU UHVLVWDQW TXDOLW\ RI FKURPLXP FDUELGH ZKLFK LV LQGXFHG DW WKH VXUIDFH RI WRRWK E\
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KDUGIDFLQJ7KHKDUGIDFLQJVWLOOFRYHUWKHOHDGLQJHGJHRIWKHWRRWKDVVKRZQLQ)LJD7KHXQGHUO\LQJVXEVWUDWHLV
QRWH[SRVHGHYHQDWIRUHPRVWHGJHDQGDVZHOODVRQWKHVLGHVRIWKHOHDGLQJHGJH
7KHWRRWKKDUGIDFHGZLWK+&UDOVRVKRZYHU\OLWWOHZHDUGDPDJHDIWHUILHOGWHVW7KHKDUGIDFHGDUHDRIWRRWK
ZDVSDUWLDOO\DEUDGHGE\WKHDEUDVLYHTXDOLW\RIWKHVRLODVVKRZQLQ)LJEEXWDWWKHVDPHWLPHWKHXQGHUO\LQJ
VXEVWUDWHZDVQRWH[SRVHGHYHQDURXQGWKHOHDGLQJHGJH
7KH+&UKDUGIDFHGWRRWKDIWHUWHVWLQJVKRZVRPHZHDUGDPDJH7KHKDUGIDFLQJRQWKHWRRWKZDVFRPSOHWHO\
JURXQGE\WKHDEUDVLYHDFWLRQRIWKHVRLODVVKRZQLQ)LJF7KHFKDQJHLQWKHWRRWKGLPHQVLRQDQGFXUYDWXUHDW
WKHRXWHUHQGLQGLFDWHVWKHZHDURIXQGHUO\LQJVXEVWUDWH7KHZHDUGDPDJHPRVWRFFXUUHGDWWKHOHDGLQJHGJHZKLFK
LVUHVSRQVLEOHIRUWKHVLJQLILFDQWZHLJKWORVVDIWHUILHOGWHVW
$V VKRZQ LQ )LJ  G WKH WRRWK KDUGIDFHGZLWK+&U KDUGIDFLQJ XQGHUZHQW VHYHUH ZHDU GDPDJH 7KHZHDU
DSSHDUVWRVWDUWIURPWKHOHDGLQJHGJHZKHUHPRVWZHDUGDPDJHRFFXUUHGH[SRVLQJDODUJHDUHDRIWKHXQGHUO\LQJ
VXEVWUDWH8QGHUG\QDPLFORDGLQJWKHGHSRVLWHGKDUGIDFLQJDOOR\RQWKHOHDGLQJHGJHDVZHOODVWKHVXEVWUDWHZDV
WRWDOO\UHPRYHG GXHWRH[WUHPHDEUDVLYHZHDU7KHUHLVQRHYLGHQFHRIKDUGIDFHGDOOR\SUHVHQWRQWKHWRRWKVXUIDFH
DIWHUWKHILHOGWHVW+DUGIDFLQJDOOR\+&UGRHVQRWSURYLGHPXFKDEUDVLYHZHDUUHVLVWDQFHLQFRPSDULVRQWRRWKHU
KDUGIDFLQJV7KHFKDQJHLQWKHSURILOHRI OHDGLQJHGJHVRIXQKDUGIDFHGDQGKDUGIDFHGH[FDYDWRUWHHWKEHIRUHDQG
DIWHUILHOGWHVWFDQEHHYLGHQWO\GHSLFWHGIURP)LJD	EUHVSHFWLYHO\
)LJ+DUGIDFHGH[FDYDWRUEXFNHWWHHWKDIWHUILHOGWHVWIRUKUD+&UKDUGIDFHG WRRWK/HDGLQJHGJHLVVWLOOFRPSOHWHO\FRYHUHGE\
KDUGIFDLQJE+&UKDUGIDFHGWRRWK+DUGIDFLQJSDUWLDOO\UHPRYHGIURPWKHOHDGLQJHGJHF+&UKDUGIDFHGWRRWK6LJQLILFDQWDPRXQWRI
PHWDOZDVUHPRYHGIURPWKHOHDGLQJHGJHG+&UKDUGIDFHGWRRWK+DUGIDFLQJRQWKHWRRWKZDVUHPRYHGDOPRVWDORQJWKHHQWLUHOHDGLQJHGJH
H8QKDUGIDFHGWRRWK/DUJHDPRXQWRIPHWDOZDVUHPRYHGIURPWKHOHDGLQJHGJH
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)LJ([FDYDWRUWHHWKDEHIRUHILHOGWHVWEDIWHUILHOGWHVW
:HLJKW/RVVDQG:HDU5DWH $VVHVVPHQW
7KHFXPXODWHGZHLJKWORVVHVRIWKHILHOGWHVWHGWHHWKDWYDULRXVLQWHUYDOVZHUHSORWWHGDJDLQVWWKHGXUDWLRQRIWKH
ILHOGWHVWDVVKRZQLQ)LJLQRUGHUWRREWDLQDSUHFLVHZHDUUDWHRIHDFKWRRWK7KHZHLJKWORVVRIWKHXQKDUGIDFHG
WRRWKIRUWKHILUVWKUVGXUDWLRQRIILHOGWHVWZDVJPZKHUHDVIRUWHHWKKDUGIDFHGZLWK+&U+&U+&U
DQG+&UKDUGIDFLQJDOOR\VZHUHDQGJPUHVSHFWLYHO\
7KH:5, LQGLFDWLQJ WKHVXSHULRULW\RI WKH WHVWHG WHHWK LQFRPSDULVRQ ZLWK WKHXQKDUGIDFHG WRRWK LVGHILQHGDV
ZHDUUDWHRIWKHXQKDUGIDFHGWRRWKGLYLGHGE\ZHDUUDWHRIWKHKDUGIDFHGWRRWK7KH:5,VRIWKHWHVWHGWHHWKDUH
SUHVHQWHGLQ7DEOH
7DEOH:HDUUDWHVDQG:5,VRIKDUGIDFHGH[FDYDWRUEXFNHWWHHWKLQILHOGWHVW
+DUGIDFLQJ7\SH :HDUUDWHJPKU :5,
8QKDUGIDFHGWRRWK  
+&U  
+&U  
+&U  
+&U  
)LJ)LHOGWHVWUHVXOWVRIH[FDYDWRUWHHWK&XPXODWLYHZHLJKWORVV9V'XUDWLRQRI)LHOG7HVW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)LJ:HDUUHVLVWDQFHLQGLFHVIRUKDUGIDFLQJDOOR\VDQG8QKDUGIDFHG(Q%
7KHRXWFRPHRIWKHILHOGWHVWVKRZVWKDW WKHKDUGIDFLQJ+&UFDQQRWSURYLGHDGGLWLRQDOZHDUUHVLVWDQFHIRUWKH
WHHWKGXH WR ORZ IUDFWXUH WRXJKQHVVRI WKHKDUGIDFLQJ FDXVLQJFRQWLQXRXVZHDURI WKHZHOGPHWDO RYHUOD\RQ WKH
OHDGLQJHGJH,WVKRZVRQO\WLPHVVXSHULRULW\RYHUWKHXQKDUGIDFHGWRRWKDVWDEXODWHGLQ7DEOH7KH+&U
KDUGIDFLQJVKRZVRQO\PDUJLQDOLQFUHDVHLQZHDUUHVLVWDQFHDVVKRZQLQ)LJ,WH[KLELWV WLPHVVXSHULRUZHDU
UHVLVWDQFHWKDQWKHXQKDUGIDFHGWRRWK7KHWRRWKKDUGIDFHGZLWK+&UKDUGIDFLQJVKRZVVLJQLILFDQWLPSURYHPHQW
LQZHDUUHVLVWDQFH,WUHYHDOVWLPHVVXSHULRUZHDUUHVLVWDQFHWKDQXQKDUGIDFHGWRRWK7KH+&UKDUGIDFLQJRQ
WKH RWKHU KDQG H[KLELWV VXSHULRU ZHDU UHVLVWDQFH DW DSSUR[LPDWHO\  WLPHV EHWWHU SHUIRUPDQFH WKDQ WKH XQ
KDUGIDFHG WHHWK DQG PRUH WKDQ  WLPHV WKH ZHDU UHVLVWDQFH SURYLGHG E\ +&U KDUGIDFLQJ DOOR\ )RU +&U
KDUGIDFLQJ WKHZHDUGLGQRW UHDFK WKH VXEVWUDWH DQG WKH UHVXOW VKRZVDYHU\ VPDOOZHDUDV VKRZQ LQ)LJ7KH
TXLFNYLHZRIWKHFRPSDULVRQRI:5,VRIWHVWHGWHHWKLVSUHVHQWHGLQ)LJ
&RQFOXVLRQV
7KHUHODWLYHDEUDVLYHZHDUEHKDYLRURIFRPPHUFLDOO\DYDLODEOHKDUGIDFLQJDOOR\VKDVEHHQVWXGLHGIRU H[FDYDWRU
EXFNHWWHHWK7KHUHZDVFOHDUVXSHULRULW\LQZHDUUHVLVWDQFHSURYLGHGE\WKHKDUGIDFLQJDOOR\VXQGHUWKHFRQGLWLRQV
H[DPLQHGIRUODERUDWRU\DQGILHOGWHVWV
 7KHPDVVORVVRIWKHKDUGIDFLQJVLQFUHDVHGOLQHDUO\ZLWKVOLGLQJGLVWDQFHLQGU\FRQGLWLRQV
 7KHKDUGIDFLQJSURFHVVZLWKHOHFWURGHVZDVHIIHFWLYHLQUHGXFLQJWKHZHDURQWKHH[FDYDWRUEXFNHWWHHWK,WLV
SRVVLEOH WR UHGXFH ZHDU RQ WKH H[FDYDWRU EXNHW WHHWK E\ RYHUOD\LQJ WKHP ZLWK WKH DERYH PHQWLRQHG ZHOG
RYHUOD\V
 $OOWKHIRXUKDUGIDFLQJVKDYH KLJKHUKDUGQHVVWKDQWKHUHJXODUKHDWWUHDWHGEXFNHWWRRWK8QKDUGIDFHGWRRWK
 7KH UHJXODU WRRWK DIWHU ILHOG WHVWLQJ VKRZ VLJQLILFDQW ZHLJKW ORVV GXH WR DEUDVLYH ZHDU ZKLFK KDYH PRVWO\
RFFXUUHGRQWKHOHDGLQJHGJHWRZDUGVWKHEDVHRIWKHWRRWK
 +&U KDUGIDFLQJ DOOR\ GLG QRW VKRZPXFK VXSHULRULW\ LQ ZHDU UHVLVWDQFH ZKLOH +&U DOOR\ VKRZ VRPH
LPSURYHPHQWLQZHDUGDPDJHFRPSDUHGWRUHJXODUWRRWK
 +&UVKRZYHU\OLWWOHZHDUGDPDJHRQWKHRWKHUKDQG+&UKDUGIDFHGWRRWKVKRZVDOPRVWQHJOLJLEOHZHDU
GDPDJH,W+&UH[KLELWVPRUHWKDQIROGVVXSHULRUZHDUUHVLVWDQFHWKDQSURYLGHGE\+&U
 ,W KDV EHHQ UHYHDOHG IURP ODERUDWRU\ DQG ILHOG WHVWV WKDW WKHZHDU UDWHV RI RYHUOD\HG H[FDYDWRU EXFNHW WHHWK
GHFUHDVHVDVWKHSHUFHQWDJHRIFKURPLXPFRQWHQWLQFUHDVHVLQWKHZHOGRYHUOD\V
,WFDQWKHUHIRUHEHFRQFOXGHGWKDW+&UKDUGIDFHGWRRWKVKRZVDPXFKKLJKHUZHDUUHVLVWDQFHWKDQUHJXODUWRRWK
7KH:5,V IRU +&U +&U +&U DQG +&U KDUGIDFHG WHHWK DUH    DQG  UHVSHFWLYHO\
7KHUHIRUH WKH H[FDYDWRU EXFNHW WRRWK KDUGIDFHG ZLWK +&U ZLOO EH PRUH DSSURSULDWH DQG PRUH UHOLDEOH IRU
HQKDQFLQJWKHVHUYLFHOLIHRIWKHEXFNHWWHHWK7KLVZLOOJUHDWO\UHGXFHWKHWLPHVSHQWRQUHSODFLQJZRUQWHHWKZKLFK
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LQWXUQUHGXFHWKHFRVWRIODERUVLJQLILFDQWO\
5HIHUHQFHV
'DVJXSWD 5 3UDVDG % . -KD $ . 0RGL 2 3 'DV 6 <HJQHVZDUDQ $ +³/RZ VWUHVV DEUDVLYH ZHDU EHKDYLRU RI D KDUGIDFHG VWHHO´
-RXUQDORI0DWHULDOV(QJLQHHULQJDQG3HUIRUPDQFH9ROXPH,VVXHSS
%XFKHO\ 0)*XWLHUUH] -&/HRQ /07RUR $³7KHHIIHFWRIPLFURVWUXFWXUHRQDEUDVLYHZHDURIKDUGIDFLQJDOOR\V´:HDUSS

.LUFKJDQHU0%DGLVFK()UDQHN)³%HKDYLRXURILURQEDVHGKDUGIDFLQJDOOR\VXQGHUDEUDVLRQ	LPSDFW´:HDU9ROSS

%XFKHO\0)*XWLHUUH]-&/HRQ/0DQG7DUR$³7KHHIIHFWRIPLFURVWUXFWXUHRQDEUDVLYHZHDURIKDUGIDFLQJDOOR\V´ :HDU
SS
.DQJ$6*UHZDO-6-DLQ'.DQJ6³:HDUEHKDYLRURI WKHUPDOVSUD\FRDWLQJVRQURWDYDWRUEODGHV´-RXUQDORI7KHUPDO6SUD\7HFKQRORJ\
9ROXPHSS
6HOYL66DQNDUDQ63DQG6ULYDWVDYDQ5³&RPSDUDWLYHVWXG\RIKDUGIDFLQJRIYDOYHVHDWULQJXVLQJ00$:SURFHVV´-RXUQDO RI0DWHULDOV
3URFHVVLQJ7HFKQRORJ\SS
)HUQDQGH] -(9LMDQGH 57XFKR 55RGULJXH] -0DUWLQ $³0DWHULDOVVHOHFWLRQWRH[FDYDWRUWHHWKLQPLQLQJLQGXVWU\´:HDU9ROXPH
SS
.DURRQERRQ\DQDQ 6 6DORNKH 90DQG 1LUDQDWOXPSRQJ 3 :HDU5HVLVWDQFHRI7KHUPDOO\6SUD\HG5RWDU\7LOOHU%ODGHV :HDU
S
%D\KDQ<5HGXFWLRQRIZHDUYLDKDUGIDFLQJRIFKLVHOSORXJKVKDUH7ULERORJ\,QWHUQDWLRQDOSS±
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